To describe the trends and occupational variation in the incidence of testicular cancer in the Nordic countries utilising national cancer registries, NORDCAN (NORDCAN project/ database presents the incidence, mortality, prevalence and survival from >50 cancers in the Nordic countries) and NOCCA (Nordic Occupational Cancer) databases.
Patients and Methods
We obtained the incidence data of testicular cancer for 5-year periods from 1960-1964 to 2000-2014 and for 5-year agegroups from the NORDCAN database. Morphological data on incident cases of seminoma and non-seminoma were obtained from national cancer registries. Age-standardised incidence rates (ASR) were calculated per 100 000 personyears (World Standard). Regression analysis was used to evaluate the annual change in the incidence of testicular cancer in each of the Nordic countries. The risk of testicular cancer in different professions was described based on NOCCA information and expressed as standardised incidence ratios (SIRs).
Results
During 2010-2014 the ASR for testicular cancer varied from 11.3 in Norway to 5.8 in Finland. Until 1998, the incidence was highest in Denmark. There has not been an increase in Denmark and Iceland since the 1990s, whilst the incidence is still strongly increasing in Norway, Sweden, and Finland. There were no remarkable changes in the ratio of seminoma and non-seminoma incidences during the past 50 years. There was no increase in the incidences in children and those of pension age. The highest significant excess risks of testicular seminoma were found in physicians (SIR 1.48, 95% confidence interval [CI] 1.07-1.99), artistic workers (SIR 1.47, 95% CI 1.06-1.99) and religious workers etc. (SIR 1.33, 95% CI 1.14-1.56). The lowest SIRs of testicular seminoma were seen amongst cooks and stewards (SIR 0.56, 95% CI 0.29-0.98), and forestry workers (SIR 0.64, 95% CI 0.47-0.86). The occupational category of administrators was the only one with a significantly elevated SIR for testicular non-seminoma (SIR 1.21, 95% CI 1.04-1.42). The only SIRs significantly <1.0 were seen amongst engine operators (SIR 0.60, 95% CI 0.41-0.84) and public safety workers (SIR 0.67, 95% CI 0.43-0.99).
Introduction
Testicular cancer is the most common malignancy amongst young men, with an increasing incidence in most Western countries. Nordic countries have been amongst high incidence regions. The aetiology of testicular cancer is largely unknown. The renowned risk factors include: cryptorchidism, family history of testicular cancer, and previous contralateral testis cancer. The main histological classifications of testicular germ-cell tumours are: seminoma and non-seminoma.
Over recent decades the incidence of testicular cancer has steadily increased in most Western countries [1] . However, over the past two decades attenuations of the rising incidence have been reported in Denmark, the USA, and Switzerland [2] [3] [4] [5] [6] .
The aim of the present study was to describe long-term trends and occupational variation in the incidence of testicular cancer in the Nordic countries using Nordic databases.
Patients and Methods
The total population of the five Nordic countries is 26 million inhabitants, Denmark 5.6 million, Finland 5.4 million, Iceland 0.3 million, Norway 5.1 million, and Sweden 9.6 million [7] . The NORDCAN project/database presents the incidence, mortality, prevalence and survival from >50 cancers in the Nordic countries [8] . Notification of incident cancer cases is mandatory by law in all the Nordic countries.
The incidence rates of testicular cancer were calculated for 5-year periods from 1960-1964 to 2010-2014 and for 5-year age-groups in the NORDCAN database [8] . Rates of testicular cancer were calculated as age-standardised incidence rate (ASR) per 100 000 person-years. Age standardisation was performed using the World Standard Population. Linear regression analysis was used to evaluate the annual changes in testicular cancer incidence over time in each of the Nordic countries. Regression analysis was conducted with Microsoft Excel using the provided regression data analysis tool. Annual incidence rates during the period of 1962-2014 were collected from the NORDCAN database.
Morphology specific data on incident cases of seminoma and non-seminoma were separately obtained from national cancer registries.
The Nordic Occupational Cancer Study (NOCCA) database contains cancer incidence data over 45 years by occupational category for the Nordic populations. It covers 15 million people aged 30-64 years in the 1960, 1970, 1980/1981 and/or 1990 censuses in Denmark, Finland, Iceland, Norway, and Sweden, and the 2.8 million incident cancer cases diagnosed in these patients in a follow-up until 2005 [9] . The information about occupation for each person was provided with the aid of free-text census questionnaires and data were centrally coded in each country. For the NOCCA data, occupations were reclassified into 53 categories. One group included economically inactive persons such as early pensioners, students, and persons on social support [9] .
Observed and expected numbers of cancer cases were calculated by country, age, calendar period, and occupational category. The expected number of cases was based on personyears and national testicular incidence rate in the respective stratum. Standardised incidence ratios (SIRs) for testicular cancer by country and occupational category were calculated as ratios of observed and expected. For SIRs, exact 95% CIs were defined assuming a Poisson distribution of the observed cancer cases. The results are available in tabular format on the NOCCA web pages (http://astra.cancer.fi/NOCCA/).
Results

Incidence Rates in Nordic Populations
From 1960 to 2014, there were a total of 36 747 incident cases of testicular cancer registered in the Nordic countries [8] . The incidence of testicular cancer increased over the years in all the Nordic countries, but for the last 20 years it has been relatively stable in Denmark and Iceland rather than increasing (Fig. 1) . Denmark had the highest incidence of testicular cancer for decades, but whilst the incidence rate stabilised in Denmark, the rate is now highest in Norway. The highest relative increase in incidence, more than fivefold, was detected in Finland, where the incidence has been the lowest amongst the Nordic countries. Linear regression analysis showed that the annual increase in the incidence of testicular cancer in each of the Nordic countries was statistically significant. Annual incidence increase in Denmark was 0.109/100 000 (95% CI 0.095-0.123; P < 0.001). In Finland, the yearly increase in the incidence was 0.096/100 000 (95% CI 0.086-0.106; P < 0.001, the yearly increase in Norway was 0.177/100 000 (95% CI 0.164-0.190; P < 0.001), and in Sweden correspondingly 0.101/100 000 (95% CI 0.094-0.108; P < 0.001). Iceland was not included in the analysis due to the small annual numbers of testicular cancer.
During the study period the incidence in all the Nordic countries was stable in age categories below 15 years. Steady increases in the incidence rates were seen in the age groups from 15 years until~65 years. In the oldest age groups >70 years, the incidence was clearly lower since the 1990s than in the earlier periods (Fig. 2) . The age-specific incidence in 1975-1989 and 1990-2004 was highest in the age group of 25-29 years, whilst in the periods before and after the peak incidence was detected in the age category of 30-34 years (Fig. 3 ).
There were especially steep increases in the incidence in Denmark in the age groups of 20-24 and 25-29 years in the 1970s, and in Norway in the age group of 20-24 years in the 1990s (Fig. 4) . The age-specific time trends in Finland and Sweden had similar slopes, with the most rapid increase in all age groups during the last 20 years (Fig. 4) .
The incidence rates of seminoma and non-seminoma have increased quite similarly in each of the Nordic countries (Fig. 5) . The incidence of seminoma in Norway doubled from the period of 1991-1995 to the period of 2006-2010, and Norway took the leading position in the incidence of seminoma in the last period. For non-seminoma, Norway has had the highest incidence since the mid-1990s.
Occupational Variation in Incidence Rates
A significantly increased risk of seminoma in all the Nordic countries was noted for physicians ( Rate per 100,000 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Discussion
Our present study describes an increasing trend in the incidence of testicular cancer in all Nordic countries, except Denmark and Iceland, where the trend has levelled. The highest relative increase in incidence was detected in Finland, where the incidence of testicular cancer had been the lowest. This is consistent with a previous analysis [10] , with the most rapidly increasing rates being observed in low-and intermediate-risk countries [10] . Levelling off of incidence in high-risk countries has also been described [2] [3] [4] [5] [6] 10] . It has been speculated that the stabilisation of incidence in high-risk countries, like in Denmark, may represent a mature phase in the epidemic, compared to lower-risk countries where the epidemic might be considered to be at an early phase [10] . Based on the histological data provided by the cancer registries of each Nordic country, there were no marked changes in the proportions of seminoma and non-seminoma over the study period.
In our present study, the variability between different age categories in different countries is evident. Previously, a short-term attenuation in the increasing trend had been described amongst men born between 1940 and 1945 in seven European countries including Denmark, Norway, and Sweden [10] . In our present study, a stabilisation or even decline in the trend was seen in the age categories of 20-24 and 25-29 years in all the Nordic countries after 2007. In the age group of 30-34 years the incidence is increasing.
The incidence of testicular cancer has clear variability in geographical and temporal patterns within Europe [10] . This variability is also described in our present study. With the lack of unambiguous risk determinants and underlying mechanisms of testicular cancer, it is still difficult to explain these geographic and temporal variations. Birth-cohort effects may reflect the changing prevalence of the risk factors of the disease, possibly explained by external environmental factors acting through exposure of the developing male embryo. Previously a concept of testicular dysgenesis syndrome (TDS) has been introduced by Skakkebaek et al. [11] . Poor semen quality, testicular cancer, cryptorchidism, and hypospadias are all symptoms of one underlying entity, TDS of foetal origin. The rapid increase of reproductive disorders is most likely due to environmental or life-style factors rather than accumulation of genomic structural defects. Environmental factors having oestrogenic or anti-androgenic effects are described as endocrine-disrupting chemicals [11] . These chemicals have been considered as potential environmental factors in the aetiology of TDS [12] .
Large geographic variation and increasing trends of cryptorchidism, the most established risk factor for testicular cancer, have also been described [13, 14] . Exposure to several Rate per 100,000 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 persistent chemicals has been associated with the risk of cryptorchidism [15, 16] , supporting the hypothesis of external environmental effect on the developing male embryo. Wider use and production of pesticides began after World War II. Many of these chemicals (e.g. dichloro-diphenyltrichloroethane [DDT]) were widely used until the late 1970s, when they were banned in most countries. Due to their strong persistence in the environment, they are still omnipresent pollutants. The abundance of these chemicals still in the environment and the wide use of permitted pesticides and other chemicals, such as phthalates, might partly be responsible for the increasing incidences of male reproductive disorders.
Exposure to endogenous and exogenous oestrogens seems to be associated with the disorders of TDS [17] . Diet and nutrition can influence circulating hormone levels. High intake of fat and consumption of dairy products have been associated with increased risk of testicular cancer [18, 19] .
Dairy products, particularly milk and cheese, contain oestrogen [20] . Especially consumption of cheese, animal fats, and milk were highly correlated with the incidence of testicular cancer at the ages of 20-39 years. The idea that the diet of children might be associated with testicular cancer risk originated from several epidemiological observations of constantly increasing testicular cancer rates since the beginning of the 20th century, with the only major interruption in the trend occurring in men born during or immediately after World War II, when food availability was reduced [21] . Current, chronic, and frequent cannabis use has also been associated with the increased risk of testicular cancer [22] .
A previous history of testicular germ-cell tumour is a wellestablished risk factor for developing testicular cancer in the contralateral testis [23, 24] [25] [26] [27] . An excess familial risk for testicular cancer was also shown in a large twin cohort study in Nordic countries [28] .
Several studies have shown that sons of mothers with high parity have a decreased risk of testicular cancer when compared to children of nulliparous mothers [29, 30] . Maternal endogenous oestrogen levels are higher in first pregnancies as compared to subsequent ones, firstborn sons may be at increased risk as a result of their increased exposure to oestrogens in utero [31, 32] . Results from studies on the association between maternal smoking and testicular cancer are inconsistent [30, 33] .
No association between testicular cancer and maternal occupation has been found [34] [35] [36] . This is in contrast with the finding that some maternal occupations may increase the risk of cryptorchidism in the offspring. Female gardeners in Denmark had an increased risk, suggesting that exposure to pesticides at work might increase the risk of cryptorchidism in the offspring [15, 35] . Testicular cancer has been associated with paternal occupations such as wood processors, metalworkers, stationary engineers, food product workers, metal product workers, and food and beverage service workers [34] .
According to the NOCCA database, significantly elevated incidence rates for seminoma were seen amongst physicians, artistic workers, and religious workers etc. The lowest incidence rates were seen amongst forestry workers, mechanics, and chemical process workers. This result is consistent with previous studies; the elevated risk for professional training is restricted to seminoma [37] . The only significantly elevated risk for non-seminoma was found in the occupational category of administrators. The lowest SIRs for non-seminoma were seen amongst engine operators and public safety workers. In a German study, an increased risk of testicular cancer was seen in farmers and farming-related occupations [37] . As testicular cancer is mainly diagnosed in young adults, the duration of occupational exposure before cancer diagnosis is short and therefore occupational exposure is probably not relevant. Studies to date have not been able to identify consistent associations between occupational exposures and testicular cancer [38, 39] .
Testicular cancer has been associated with higher socioeconomic status. A study in Finland showed that the difference in testicular cancer risk between high and low social classes has diminished over time [40] . Occupationbased social factors were not found to be a risk factor for testicular cancer in a German study [37] .
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© 2018 The Authors BJU International © 2018 BJU International 391 databases are comprehensive and reliable. Based on the data we could only describe the trends and variability in the incidence between the Nordic countries. We could not reveal possible causative mechanisms responsible for the increasing incidence. The present study covers only the Nordic countries and accordingly no conclusions concerning testicular cancer incidence globally can be made. No conclusions concerning the occupational variation in testicular cancer incidence could be made.
In conclusion, the aetiology of testicular cancer still remains unknown. As the aetiological risk determinants and underlying mechanisms of testicular cancer are not well characterised, it remains difficult to explain the geographical and temporal variation in the incidence of testicular cancer. Differences in diagnostics or detection of testicular cancer are not likely to explain the variation. It is now widely accepted that environmental factors, such as endocrine-disrupting chemicals, acting on the developing male embryo or an early childhood exposure to anti-androgenic substances play an important role in the origin of testicular cancer. Because testicular cancer is considered to be of foetal origin, occupational exposure of an individual is probably not relevant in the risk of testicular cancer. More profound studies are warranted to explore the aetiological factors leading to the differences in epidemiology of testicular cancer between nations.
